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$k$ 2 $x\geq 0$ , $R_{k}(x)$ $|\xi|^{k}+|\eta|^{k}\leq x$
. ,
$R_{k}(X)=\#\{(m, n)\in \mathbb{Z}^{2}||m|^{k}+|n|^{k}\leq x\}$ .
, $P_{k}(x)$ :
$P_{k}(x)=R_{k}(_{X})- \frac{2\Gamma^{2}(1/k)}{k\Gamma(2/k)}x^{2/}k$ .
, , $P_{k}(x)$ ( $\mathit{0}$ - $\Omega-$
– ) . $k=2$ Circle problem
, Gauss
$P_{2}(x)=O(x^{1/2})$ . ,
$P_{2}(x)=O(X/73(23\log x)315/146)$ , Huxley [2] .
, \Omega - Hardy [1] $P_{2}(x)=\Omega\pm(x^{1/4})$ . ( , $\Omega-$
, .)
$k(k\geq 2)$ . , Kr\"atzel $[3][4]$ .
$P_{k}(x)=Hk(_{X})+\Delta k(x)$ ,
, $H_{k}(x)$ :
(1.1) $H_{k}(x)= \frac{8\Gamma(1/k)}{\pi k}x^{1/k-1/}\sum_{=}k^{2}n1\infty\frac{1}{n}(\frac{k}{2\pi n})^{1/k}\cos 2\pi(nx^{1/k}-\frac{1}{4}(1+\frac{1}{k}))$ .
, $\Delta_{k}(x)$ , .
$\Delta_{k}(x)=\mathrm{o}(x)\mathit{2}\chi_{\mathit{3}}k$ .
$\Delta_{k}(x)$ Kr\"atzel [5] $\Delta_{k}(x)\ll X^{2}7/41k$ ,
(1.2) $\triangle_{k}(x)\leq<x^{46}(/\tau 3k\log_{X})315/146$
, Kuba [7] .
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, [3, Theorem 3. $17\mathrm{A}$ ] , $\Delta_{k}(x)\ll x^{\alpha_{k}}$ $\alpha_{k}$ $\alpha_{k}<1/k-1/k^{\mathit{2}}$
$k$ $P_{k}(x)$ $O$ - $\Omega$ - – . , (1.1)
(1.2) $k>73/27$ $R_{k}(x)$
.
, [3, Theorem 3. $17\mathrm{A}$ ] , $R_{k}(x)$ $\Delta_{k}(x)$
, $\alpha_{k}$ , . , $\triangle_{k}(x)$ $\Omega-$




, – . $1\leq b\leq a$
2 $a,$ $b$ $R_{k}(a, b)$ :
$R_{k}(a, b)= \#\{(x, y)\in \mathbb{Z}^{2}||\frac{x}{a}\frac{y}{b}|^{k}\leq 1\}$ ,
, $P_{k}(a, b)$ :
(1.3) $P_{k}(a, b)=R_{k}(a, b)- \frac{2\Gamma^{2}(1/k)}{k\Gamma(2/k)}ab$ .
, $k=2$ , . , $P_{2}(a, b)$
, Huxley Kuba [8] .
, $\Delta_{k}(a, b)$ .
(14) $\Delta_{k}(a.b)=P_{k}(a, b)-Hk(a, b)-H_{k}(b, a)$ ,
, $H_{k}(\alpha, \beta)$ .
$H_{k}( \alpha, \beta)=\frac{4\Gamma(1/k)}{\pi k}\alpha^{-1/k}\beta\sum_{n=1}\frac{1}{n}\infty(\frac{k}{2\pi n})^{1/k}\cos 2\pi(n\alpha-\frac{1}{4}(1+\frac{1}{k}))$ .
, $P_{k}(a, b)$ .
Theorem 1. $k$ $k\geq 2$ , $a,b$ $1\leq b\leq a$ .










(\"u) $b \ll a\ll b^{23/3/50k}50+\cdot 7.(\log ab)^{63}\oint 20$
$P_{k}(a, b)\ll(ab)^{23/}73(\log ab)^{315}/146$ .




, $\Delta_{k}(a, b)$ . , Proposition 1 2
.
$\Delta_{k}(a, b)\ll\{$
$ab^{-1}$ if $b^{2}\ll a$ ,
$(ab)^{1/3}$ if $b^{13/10}<<a\ll b^{\mathit{2}}$ ,
$(ab)^{23/}73(\log ab)^{315}/146$ if $b\ll a\ll b^{1}3/1.0$ .
, $\Omega-$ , Kr\"atzel $[$3, $\mathrm{p}\mathrm{p}$ . 153-156$]$ , [6]
, .






$bt^{arrow}$. , $a=\ell b$
. , – , $\Delta_{k}(a, b)$ ,
, -





Theorem 1 , 2 Proposition (1.-4) .
Proposition 1. $k\geq 2,1\leq b\leq a$ ,
$\Delta_{k}(a, b)=O((ab)1/3)+O(ab^{-1})$ .
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Proposition 2. $k\geq 2,1\leq b\leq a\ll b^{\mathit{2}3/1}0$ ,
$\Delta_{k}(a, b)=O((ab)^{\mathit{2}3/}73(\log ab)315/146)+O(ab^{-1})$.
2 Proposition .
, $R_{k}(a, b)$ .
$\overline{\mathit{1}}\iota k((7\neg/A,$ $\mathit{0}_{\mathit{1}}\iota\backslash --\frac{\Gamma^{\mathit{2}}(1/k)}{2k\Gamma(2/k)}\overline{u}b_{\mathrm{t}\mathit{1}^{\mathcal{T}}}’ k(1\hat{\lambda},$ $b_{)} \backslash \mathcal{T}/_{\hat{\mathrm{o}}}’ 1^{-}\mathrm{t}^{\lrcorner}k(,r’)\urcorner’-^{7}\backslash \mathrm{T}\Psi\prime k\backslash (/\overline{\chi}, U^{\backslash }1)^{\urcorner^{-}}’\Psi k(/\mathrm{t},\backslash |\prime \mathrm{t}J\hat{\alpha})\mathrm{t}\overline{\dot{\Psi}}(\frac{a}{2^{1/k}})^{\psi}\backslash \backslash (\frac{b}{2^{1/k}})\backslash$ .




( , , Euler-Maclaurin
.)
$I_{k}(a, b)$ , 2 .
$I_{k}(\alpha,\beta)$ $=$ $- \frac{4\beta}{\alpha^{k}}\{\int_{0}^{\alpha}-\int_{0}^{\alpha}\cdot \mathit{2}-1/k\}(1-(\frac{t}{\alpha})^{k})^{1/}-1(kt^{k}-1\psi t)dt$
$=$ $- \frac{4\beta}{\alpha^{k}}\int_{0}^{\alpha}(1-(\frac{t}{\alpha})^{k})^{1/}k-1(t^{k}-1\psi t)dl+O(\alpha^{-1}\beta)$ .
, . , generalized
Bessel function , ( generalized Bessel function
[3, pp. 145-147] )
$I_{k}(\alpha,\beta)$ $=$ $\frac{4\Gamma(1/k)}{\pi k}\alpha^{-1/k}\beta\sum_{n=1}^{\infty}\frac{1}{n}(\frac{k}{2\pi n})^{1/k}\mathrm{c}\mathrm{o}_{9}2\pi(n\alpha-\frac{1}{4}(1+\frac{1}{k}))$
$+O(\alpha^{-1}\beta)$ ,
,
$\Delta_{k}(a, b)=\Psi_{k}(a, b)+$ k $(b, a)+O(ab^{-1})$
. , $\Psi_{k}(\alpha,\beta)$ . , Proposition 1 van der Corput
([3, Theorem 23] ) ( ).
, Proposition 2 Huxley [2, Theorems 3, 4]
. ( Huxley Kuba ([7, Lemma] [8,
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Lemma 1]) Lemma .)
Lemma [Huxley]. $M,$ $M’$ $T$ , $M\leq M’<2M$ $M\leq C_{1}T^{83/-}146(\log\tau)63/292$
( $\Gamma_{1}z$ ) . , $F(t)$ $1\leq t\leq 2$ 4
:
$F’(t)$ , $F”(t)$ , $F^{(3)}(t)$ , $F’(t)F^{(3)}(t)-3(F^{u}(t))^{2}$ , $F”(t)F^{(}4)(t)-3(F^{(3)}(t))^{2}\neq 0$ .
:
$\sum_{M\leq m\leq M’}\psi(\frac{T}{M}F(\frac{m}{M}))\ll T\mathit{2}3/73(\log\tau)315/146$ ,
, O-constant $C_{1}$ $F$ 4 .
Proposition 2 ( [7] [8]
) . (2.1)
$\Psi_{k}(\alpha,\beta)=-4\alpha\cdot 2^{-1/k}.<n\sum_{\alpha\leq-\alpha_{1}}\psi(f(n))+o(\alpha 1)$
( $\alpha_{1}$ ) . , $t\in[\alpha\cdot 2^{-1/k}, \alpha-\alpha_{1}]$
$f(t)= \beta(1-(\frac{t}{\alpha})^{k})^{1/k}$
. , $f(t)$ , $t\in[\alpha\cdot 2^{-1/k}, \alpha-\alpha_{1}],$ $r=1,2,3,4$ ,
$|f^{(r)}(t)| \wedge\cdot\frac{\beta}{\alpha^{k}}t^{k-r}(1-(\frac{t}{\alpha})^{k})^{1/1/k-r}k-r_{\wedge}$. $\frac{\beta}{\alpha^ r}}(1-\frac{t}{\alpha})$
, ,








$\tau=1-(1/2)^{1/k},$ $g(t)=f([\alpha]-t),$ $\alpha_{1}\wedge\vee(\alpha\beta)^{23/}73$ , $\Psi_{k}(\alpha,\beta)$ $\alpha_{j}=$
$2^{j-1}\alpha_{1}.,$ $j=1,2\cdots J$ ( $J$ $M_{J}=\tau\alpha$ ) . , .
(2.2) $\Psi_{k}(\alpha.,\beta)=\sum_{=j1}^{-}S_{j}+J1O((\alpha\beta)^{23}/73)$ ,
$S_{j}$
(.2.3) $S_{\dot{r}}= \psi(\alpha_{j}\leq 2\alpha_{j}\frac{\Gamma_{/}}{m<}g(m))$
.
Lemma $M=\alpha_{j},$ $M’-[=2M]-1,$ $T=\alpha-k\beta M1+1/k$ $F(u)= \frac{M}{T}g(Mu)$
$F(u)$ .
, $M\leq C_{1}T8\mathit{3}/146(\log\tau)^{-}63/292$
(2.4) $M\leq c_{2}\tau 13/\mathit{2}3$




, (2.2), (2.3) Proposition 2 .
, 2 . [3, pp. 153-156] .
$\Re s>0$ , $G(s)$ .
$G(s)$ $=$ $\sum_{m=-\infty=}^{+\infty}\sum_{\infty n-}^{+\infty}\exp(-S(|\frac{n}{\ell}|^{k}+|m|^{k)^{1/}}k\mathrm{I}$
$=$ $4 \sum_{m=0}^{\infty}/\sum_{n=0}^{\infty}/$ $\exp(-S((\frac{n}{\ell})^{k}+m^{k})^{1/}k\mathrm{I}$ ,
, $\Sigma_{m=0’}^{\infty}$ $m=0$ 1/2 .
Poisson ([3, pp. 22-23] ) 2 :








$G_{1}(s)$ $=$ $4 \sum_{nm}*\sum_{\neq 0}*\int_{0}^{\infty}\exp(2\pi i(nt+m\tau)-s((\frac{t}{\ell})^{k}+\tau^{k})^{1/k})dtd\tau$
. , $G_{1}(s)$ $s$ .
, $G_{1}(s)$ 3/2
. , $sarrow \mathrm{O}$ $G_{1}(s)=O(s)$ .
, [3, Lemma 3.16] $l\text{ }\cdot,$ . $\ell=1$
.
, [3, Theorem 3.19]
$\Delta_{k}(\ell b, b)\leq K_{1}b^{1/\mathit{2}}$ $\Delta_{k}(\ell b, b)\geq-K_{2}b^{1[2}$
( $K_{1},$ $K_{2}$ ) , Theorem 2
.
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